SUMMARY The synovial surface in rabbit knees was examined by scanning electron microscopy (SEM) to define normal surface contour, cell shape, and interstitial exposure. Comparison was made between specimens excised before immersion fixation (I), fixed in situ by vascular perfusion (V) before excision, or fixed in situ under an effusion pressure of 5-25 cmH20 (E). The deeply convoluted appearance of rabbit areolar-muscular synovium fixed after excision (I) was found to be an artefact; areolar-muscular synovium fixed in situ (V) was much smoother. The well documented cobblestone contour of immersion fixed adipose synovium was present after fixation in situ, but may be exaggerated by the SEM preparative process. At higher magnification the synoviocytes showed evidence of considerable surface activity (smooth granules, larger cauliflower-like excrescences, thin lamelliform filopodia). Cell shape was variable but many synoviocytes extended long cytoplasmic processes along the surface, producing fibroblastoid and even stellate outlines. At an intra-articular pressure of 25 cmH20 (E) the cytoplasmic processes were elongated and branched, creating a highly dendritic outline. Also, the exposure of interstitium increased markedly at the higher pressure. It is concluded that e,xtension of lengthy cytoplasmic processes is a feature of normal healthy synoviocytes, and that an increase in interstitial area with joint pressure contributes to the increased hydraulic permeability of synovium at raised pressure.
The surface morphology of the synovial intima is of interest in relation to two areas of current research. Firstly, the hydraulic permeability of the intima has been shown to increase at raised intra-articular pressures and fluid volumes,' and intimal structure could provide clues to the cause. Secondly, a subpopulation of dendritic (stellate) synovial cells in rheumatoid synovium has recently excited considerable attention,2-7 rendering it a matter of some urgency to define the shape of normal synovial cells in situ for comparison.
The synovial lining consists of a discontinuous layer of cells (synoviocytes), which mostly lack intercellular junctions and are separated by a fibrous interstitium.8 9 The shape of normal synovial lining Accepted for publication 18 17 19 Date studied the surface at sufficient magnification to reveal detailed cell morphology,2 and in an excellent but little quoted paper he described numerous flat interdigitating cell processes, cauliflower-like excrescences, and exposed interstitium in human and rabbit synovium. Cell surface protrusions and intercellular spaces were earlier reported in human synovium21 23 and tenosynovium. All these tissues were excised before fixation.
There seem to have been no scanning electron microscopic studies of synovium fixed in situ. The present SEM study aims to clarify (a) the effect of excision on synovial surface contour; (b) the normal morphology of surface synoviocytes in situ; and (c) the effect of intra-articular distension by fluid on surface morphology. Morphometric investigations by light and transmission electron microscopy are in progress to quantify further the structural consequences of distensions.
Materials and methods
New Zealand rabbits (2-3 kg) were anaesthetised with intravenous pentobarbitone and urethane.
Three kinds of synovium8 25 were sampled in each of six knees from three animals, namely areolarmuscular synovium from the medial aspect of the suprapatellar pouch, adipose synovium from the infrapatellar fat pad, and mixed synovium from the posteromedial pouch.
TECHNIQUES OF FIXATION
Synovial samples of surface area 2 mmx3 mm and thickness 2 mm were excised by scalpel under various conditions.
Immersion fixation
In two joints soft unfixed tissue was excised, then immersed at once in fixative at room temperature for two hours ('post-fixed' control). No intraarticular injection was made into these joints.
Vascular perfusion
In two joints the synovial lining was first fixed in situ, then excised and reimmersed in fixative at room temperature for two hours ('pre-fixed' control). No intra-articular infusion was made into these joints. Fixation 
Results

GENERAL SURFACE CONTOUR
The cobblestone profile of adipose synovium surface'4 19 was observed in tissue fixed in situ as well as in post-fixed samples ( Fig. 1 ), i.e., it was independent of the fixation method. Examination of the cut edge of the specimen showed that each surface 'cobble' (diameter 50 ,um) was due to a fat cell some distance below the intima. The surface conformation of non-adipose synovium depended, however, on the fixation method. Tissue excised before fixation had a wrinkled, convoluted surface with roughly parallel furrows 0-01 to 0-15 mm apart (Fig. 1A) , very like immersion fixed human and canine areolar synovium. 16 17 19 20 In contrast, the surface of samples fixed in situ was much smoother, though a few, wider spaced furrows were still seen in pre-fixed control and 5 cmH2O samples. In samples fixed at 25 cmH20, surface furrows were elimin- (Fig. 3) ; scalloping was due to very fine cytoplasmic strands attaching the cell to adjacent collagen bundles (Figs 3 and 4) . This form was most common in adipose synovium but not unique to it. (ii) Cells of 'fibroblastoid' outline were more irregular, with two to six short, flat, broad cytoplasmic extensions: they strongly resembled monolayer cultured fibroblasts as illustrated in a standard SEM atlas. 29 (iii) Cells with greater elongation of the flattened, cytoplasmic processes were termed stag head fern cells (Fig. 2) owing to their strong resemblance to that plant. Such processes interdigitated with others and sometimes ran over or under adjacent cells.
(iv) The most dissected cell outlines (stellate or dendritic) comprised ;two to six cytoplasmic processes 1-2 jtm wide and typically 6-12 jim long (max 25 Rm). The processes entwined and overlapped, sometimes bifurcated, and often ended as flattened expansions with fine attachment filaments producing scalloped margins.
Because cell shape comprised a continuous spectrum, the relative prevalence was difficult to measure, but forms (ii) and (iii) seemed most common. The whole cell outline was not always visible-some bodies emerged from beneath an interstitial layer or had a thin skein of fibrils partially covering them. The shape of the cell below the surface plane was not of course revealed by SEM; nor were nuclear regions detected as these are usually 5 jtm below the cell surface (TEM). Distinctive forms which might correspond to classical 'A' and 'B' cells of TEM ¶ were not recognised by SEM, as noted by others.23
CELI SURFACE STRUCTURFS
Cell surface structures abounded and were of three kinds (Figs 3 and 4) .
(a) Fine fingers and flaps of cytoplasm (thickness 0-O1-2 jtm) protruded into the joint cavity (Fig. 4) .
corresponding to the lamelliform filopodiai seeni in
TEMs. "
(b) Most cells had one or more larger (1 0-4.5 jim wide), knobbly excrescences protuding into the joint cavity ('cauliflower-like protrusion' as described by Date22). At high magnification these resolved into complicated folds of cytoplasm, fingers and clusters of small smooth granules of 02-0-3 jm diameter.
(c) Small smooth round granules were also common in isolation on cell and cell process surfaces and, being 0-2-0-5 jtm wide, were probably the same structures as those occurring in clusters on the cauliflower excrescences.
SYNOVIAI INTERSTITIUM
Cells and processes were not in contact but separated by gaps filled with interstitium, visible as a random meshwork of collagen (Fig. 3-low Fig. 2 ) and the higher value to a region of more dissected cells (types (d), (e), and (f) of Fig. 2 ). Adipose and posteromedial synovia had interstitial areas of 24 (3)% and 29 (3)% respectively.
EFFECT OF INTRA-ARTICULAR DISTENSION
The general appearance of the surface did not differ markedly between tissue fixed in situ at normal joint pressure and tissue fixed in situ at 5 cmH2O. The latter is well below the 'yield point' at which hydraulic permeability begins to increase.' 26 Distension by 25 cmH2U intra-articular pressure (above yield point), however, produced dramatic changes in surface shape. Although some cells still retained scalloped oval outlines (especially, posteromedial samples), most became much more dendritic (Fig. 5) . The cytoplasmic processes extending along the synovial surface (typically three to four) were much elongated (20-25 ,um) and thinned (0.4-0.8 ism wide), resembling short unmyelinated axons. Many were branched and possessed small smooth granules or cauliflower-like excrescences, or both, on their surfaces.
Between the cell processes the area of exposed interstitium was very obviously increased at 25 cmH2O. The point counting method applied over 3-8x103 [Lm2 areolar synovium gave an interstitial area of 53 (RSE 2)%. Preliminary results from a morphometric study of TEMs also gave a high value (45%). For adipose and posteromedial synovium the interstitial areas were 43 (3)% and 35 (3)% respectively.
Structures just beneath the surface created long cylindrical hummocks along the surface (Fig. 1) , and inspection of the cut edge of the sample indicated that these ridges were raised by microvessels very close to the surface.
Discussion
SURFACE CONTOURS
Comparison of tissue excised before fixation with tissue fixed in situ showed considerable deformation of areolar-muscular synovium in post-fixed samples, due presumably to elastic retraction of the soft tissue as it is excised. Inspection of the unfixed, exposed areolar synovial surface in vitro through a dissecting microscope in the course of previous studies27 indicated that the normal hydrated areolar surface in situ resembled Fig. 1B rather than Fig. 1A . We conclude that the highly convoluted surface of rabbit areolar-muscular synovium excised before fixation is to a large extent an artefact. It is important to note, however, that synovium fixed in situ is not completely flat-some furrows persist, and may be functionally important in permitting synovium to stretch with minimal stress during joint movement.
For adipose synovium the fixation method did not influence surface contour (cobblestone pattern), presumbly owing to the incompressible nature of packed fat globules. The cobblestone appearance may have been greatly exaggerated, however, by the SEM preparative technique. Rabbit infrapatellar adipose synovium in conventional paraffin embedded histological sections (excised tissue or whole knee) has a predominantly smooth convex surface with only an occasional cobblestone corresponding to a fat cell (unpublished observation). Similarly, resin embedded adipose synovium has a mainly smooth surface not conforming to underlying fat cells, both on light microscopy of semithin sections (see Fig. 1 of reference 25) and on TEM (unpublished observation, Fig. 1 
